Purpose: The prevalence of kidney stones has increased globally in recent decades. However, studies investigating the association between temporal changes in the risk of stone formation and stone types are scarce. We investigated temporal changes in stone composition, and demographic, serum and urinary parameters of kidney stone formers from 1980 to 2015. Materials and Methods: We retrospectively analyzed the records of 1,516 patients diagnosed with either calcium or uric acid stones at an initial visit to a university kidney stone clinic from 1980 to 2015. Results: From 1980 to 2015, the proportion of uric acid stones in all stone formers increased from 7% to 14%. While age and body mass index increased with time in both uric acid and calcium stone formers, uric acid stone formers were consistently older and had a higher body mass index and lower urinary pH than calcium stone formers. The proportion of females with stones has increased over time but the increase in female gender was more prominent among calcium stone formers. Urinary pH, phosphorus, oxalate and sodium increased with time in calcium stone formers but remained unchanged in uric acid stone formers. After accounting for various parameters of stone risk, the strongest clinical discriminant of uric acid vs calcium stones was urinary pH. Limitations of this study include the retrospective single center design and the available number of patients with stone analysis. Conclusions: From 1980 to 2015, the proportion of uric acid stones increased significantly. With time, there were proportionately more female calcium stone formers but not uric acid stone formers. Urinary pH is the most prominent factor distinguishing uric acid from calcium stones.
IN the last decades, the prevalence of kidney stones has increased significantly in both genders in the United States. 1 The greater prevalence of metabolic syndrome contributed to this increase in kidney stones 2 and is predicted to impact its economic burden. 3 Several pathophysiological models are proposed to explain the causal relationship between obesity and metabolic syndrome, and kidney stone formation. 4e8 However, studies investigating the association between temporal changes in obesity, and The corresponding author certifies that, when applicable, a statement(s) has been included in the manuscript documenting institutional review board, ethics committee or ethical review board study approval; principles of Helsinki Declaration were followed in lieu of formal ethics committee approval; institutional animal care and use committee approval; all human subjects provided written informed consent with guarantees of confidentiality; IRB approved protocol number; animal approved project number.
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* 9, 10 Two prior studies showed that lower urinary pH and increasing urinary calcium, phosphorus and UA with time were risk factors for kidney stones. 9, 10 In this study, we comprehensively examined stone risk profiles and clinical variables in KSFs over the past 35 years.
MATERIALS AND METHODS

Study Participants
We reviewed the charts of 2,166 KSFs with available stone analysis who underwent initial metabolic evaluation at the initial visit to our institution from 1980 to 2015. Patients were mostly recurrent stone formers who were referred to our center for further evaluation. Excluded were patients 21 years or younger and those with primary hyperparathyroidism, cystine stones, infection related stones, chronic kidney disease stage 4 or higher, renal tubular acidosis or chronic diarrheal states. This study was approved by the University of Texas Southwestern Medical Center institutional review board.
Data Collection and Measurements
Stone analysis was assessed elsewhere by optical crystallography using a petrographic microscope (Carl Zeiss, Oberkochen, Germany, and Olympus, Tokyo, Japan). Patients who had stones with a 70% or greater calcium content were classified as CaSFs, whereas those with greater than 30% uric acid content were classified as UASFs. 11 Patients were instructed to hold all medications known to influence urinary kidney stone profiles, such as alkali treatment, allopurinol and thiazide diuretics, for 2 weeks prior to stone analysis. Demographic characteristics recorded at the first visit included age, gender, BMI, family history of kidney stones and personal history of urinary tract infections.
The initial stone visits included 2, 24-hour urine samples obtained while the subjects continued their ad lib diet. Results of the 2, 24-hour urinalyses were averaged. At the completion of urine collections, fasting venous serum was obtained for calcium (NL 2.18 to 2.58 mmol/l), uric acid (NL 180 to 420 mmol/l), glucose (NL 3.3 to 5.8 mmol/l) and triglyceride (NL less than 1.7 mmol/l), which were measured by a Synchron CX9ALX autoanalyzer (Beckman Coulter, Brea, California). The 24-hour urine samples were analyzed for total urine volume; for urinary creatinine by the picric acid method by an Olympus AU400 chemistry analyzer; for urinary pH (NL 5 to 7) by digital pH electrode; for urinary sodium (NL 100 to 260 mmol per day) and potassium (NL 25 to 100 mmol per day) by a flame photometer ( 
RESULTS
Kidney Stone Former Demographic and Biochemical Characteristics
The supplementary table (http://jurology.com/) presents the demographic, serum and urine biochemical characteristics of the cohort grouped according to stone type. Of the 1,516 subjects included in study, 1,365 (90%) were CaSFs and 151 (10%) were UASFs. The UASF group was significantly older, had higher BMI and included fewer females than the CaSF group (25% vs 34%, p ¼ 0.03). UASFs had significantly higher serum uric acid, serum glucose and serum triglyceride compared with CaSFs (supplementary table, http://jurology.com/).
The 24-hour urine biochemical variables of UASFs showed higher urinary sodium, urinary potassium and urinary phosphorus compared with CaSFs (supplementary table, http://jurology.com/). The 24-hour urine acid-base profiles of UASFs showed lower urinary pH but higher urinary SO 4 and NAE compared with CaSFs, while urinary citrate was not statistically different between the 2 groups. NGIA was lower in UASFs than in CaSFs. UASFs had higher urinary NH 4 þ but lower urinary NH 4 þ /NAE than CaSFs (median 0. Over the time periods, the proportion of UASFs increased significantly from 7% to 14% (p ¼ 0.007, fig. 1, A) . The proportion of female patients did not change among UASFs (p ¼ 0.52) but it increased among CaSFs during the 3 periods from 24% to 42% (p <0.001, fig. 1, B) . With time and in the UASF and CaSF groups there was a significant increase in age (p ¼ 0.005 and <0.0001, respectively, fig. 2 , A) and BMI (both p <0.0001, fig. 2, B) . In each time period age and BMI were significantly higher in UASFs than in CaSFs (both p <0.0001, fig. 2 fig. 4, A and B) .
respectively).
Urinary parameters demonstrated similar changes over time in urinary citrate, NAE and NGIA. However, there was a significant difference in urinary SO 4 (p <0.0001) and urinary potassium (p ¼ 0.01) between the 2 groups (supplementary fig. 2 , http://jurology.com/).
For each stone group, we examined the interaction between gender and time. While there were gender differences in some urinary variables (eg pH, urinary calcium, etc), the patterns with time were similar for these urinary variables as well as for age and BMI (ie nonsignificant time-gender interactions). 
Receiver Operating Characteristic Analysis and Clinical Predictors of Uric Acid Kidney Stone Formation
DISCUSSION
To our knowledge, this is the longest longitudinal, retrospective study of a large number of KSFs evaluated over 35 years. The 3 principal findings of this study are 1) the rising trend in the proportion of uric acid stones associated with increased BMI and low urinary pH with time, 2) the substantial growth in the proportion of female CaSFs during the study period and 3) the fact that urinary pH alone is a powerful clinical discriminant of whether a stone former has uric acid or calcium stones. Several minor findings are 1) the increasing trends in urinary oxalate, urinary phosphorus and urinary sodium only in CaSFs, 2) similar urinary calcium in both groups and 3) the fact that 24-hour CrCl was not a significant predictor of stone types. Metabolic syndrome and obesity are major health burdens in the United States, affecting 30% of the general population. 14, 15 Excessively acidic urine, which is the principal abnormality and promoter of uric acid crystallization and uric acid stones, 16 was reported in aging patients 17, 18 and in individuals with obesity and type 2 diabetes mellitus. 19 Consistent with these findings, we observed an association between uric acid stones and increased BMI, older age and low urinary pH ( figs. 2 and 3, A) .
A proposed mechanism is an increased acid load to the kidney coupled with the sustained increased A B Figure 2 . delivery of fat to the kidneys, which occurs with a high fat Western diet. This could lead to renal proximal tubular injury (lipotoxicity) and consequently defective renal ammoniagenesis 20, 21 as well as lower urine pH due to impaired buffering by ammonium. This is supported by studies in nonstone forming human subjects who exhibited an inverse relationship between visceral fat, urinary pH and urinary NH 4 þ , 6,22 and a higher renal fat content with greater BMI 22, 23 as well as by studies in animal and cell culture models. 20, 21 There were lower urinary NH 4 þ /NAE and urinary NH 4 þ /SO 4 ratios (urinary SO 4 is a surrogate marker of dietary acid) in UASFs compared with CaSFs (p ¼ 0.01, supplementary table, http://jurology.com/). These ratios are compatible with the blunted ammoniagenic response to acid load in UASFs. Defective NH 4 þ excretion is not the sole factor that causes abnormally acidic urine. The acid load is also increased since UASFs have higher NAE and lower NGIA per body weight compared to CaSFs (p <0.0001, supplementary table, http://jurology.com/).
NHANES (National Health and Nutrition
Examination Survey) demonstrated narrowing of the gender gap in the kidney stone prevalence in the United States. 1 A recent study by Moses et al also confirmed the narrowing gender gap by showing a significant increase in female stone formers with greater than 50% UA content. 24 Our results confirm the NHANES findings, with an increase in the female CaSF proportion from 24% to 42% with time ( fig. 1, B) . This differs from the findings of Moses et al, 24 possibly due to the use of a different stone analysis cutoff (70% vs 50%).
Another study by Yang et al from China indicated that the occurrence of uric acid stones decreased from 2002 to 2014, 25 while we observed the opposite. The difference may be related to ethnic group and/or BMI differences. However, our results resemble what is reported in the American population. 18 While gender influences the excretion of key urinary factors related to stone formation, 26 proportion with time has not yet been fully elucidated. Nevertheless, the magnitude of the impact of obesity on increasing the risk of kidney stone formation has been reported to be greater in women than in men. 8 Other hypothesized mechanisms for the narrowing gender gap in the incidence of nephrolithiasis include an aging female population lacking estrogen with potential skeletal calcium and alkali loss, calcium/vitamin D supplement use and postmenopausal hormone replacement. In terms of stone type, our logistic model did not find gender to be a significant predictive risk factor of stone type ( fig. 5) .
A third major finding is the ability of urinary pH to serve as a strong discriminant of UA stones in our results (AUC ¼ 0.74), followed by BMI (AUC ¼ 0.68) and age (AUC ¼ 0.65). The lowest 3 factors were time, gender and CrCl ( fig. 5 ). This finding may be a clinical tool to predict the patient stone type and appropriate treatment plan at the initial visit, when imaging and/or stone analysis is not readily available.
Chronic kidney disease may alter urine pH by reducing ammonium excretion and impacting other urinary parameters. Because chronic kidney disease was also hypothesized to be a risk factor for stone formation in previous studies, we chose to evaluate CrCl. Still, 24-hour CrCl was not a strong predictor in our model ( fig. 5) , contrasting with previous studies demonstrating that renal function (estimated glomerular filtration rate) may affect stone type.
26e29
Some minor findings are also noteworthy. The lack of a temporal change in urinary calcium in CaSFs despite increasing sodium intake ( fig. 4, C ) 30 may be due to increased intestinal binding of calcium by higher dietary phosphate, blunting intestinal calcium absorption and decreasing urinary calcium excretion ( fig. 4, B) . The increasing trend in urinary phosphorus in CaSFs confirmed the possibility of increased dietary phosphate intake over time ( fig. 4, D) . Besides changes in the dietary intake of oxalate precursors, the increasing trend in urinary oxalate excretion in CaSFs may be explained by an increased dietary phosphate intake ( fig. 4, A) . This is mainly due to the increasing addition of inorganic phosphate in processed foods over time ( fig. 4, D) , which complexes intestinal luminal Ca, resulting in enhanced intestinal oxalate absorption. 7, 9, 10 One advantage of our analysis over prior studies is that we relied on urinary biochemical profiles as part of a structured protocol. This study explored a large number of KSFs through cross-sectional sampling over time, considering gender, age and BMI. The statistical analysis also attempted to identify clinical predictors of stone type that may be available to clinicians who may not readily have access to stone composition analysis/imaging or, in some instances, even to 24-hour urinary analysis.
Study limitations include 1) the observational, single center design with possible selection bias, 2) the lack of followup data and 3) the absence of information on dietary intake at the time of urine collection. We used a 70% cutoff to classify stone composition. 11 The use of different definitions/cutoffs by various investigators impacts comparisons across centers and study populations. In conclusion, the 3 principal findings of this study include a rising trend in the proportion of UASFs associated with increased BMI and low urinary pH, growth in the proportion of females CaSFs during the study period and low urinary pH as a strong clinical discriminant of uric acid stone development.
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